Various QT interval variables and heart rate variability parameters were studied in six patients with ventricular fibrillation but without heart disease and compared with findings in 21 normal persons. QT and QT dispersion (QTd) were measured from conventional 12 lead ECGs; for dynamic QT analysis, QT intervals were automatically measured to the end of the T wave (QTe) on a 24 h ECG recording. The adaptation of the QT interval to changes in heart rate was expressed as the slope of the linear regression lines relating QTe to the RR interval (Se). The complete 24 h ECG recording and four 6 h segments were studied (morning, day, evening, and night). Ventricular fibrillation patients had slightly prolonged QT max intervals on the 12 lead ECG, QT dispersion was longer in ventricular fibrillation patients than in normal persons (88 ± 29 ms vs 59 ± 26 ms, /><005), and on the 24 h ECG recording, normal persons and ventricular fibrillation patients had a comparable RR.
Introduction
Prolongation of the QT interval and increases in spatial QT dispersion are associated with an increased risk of ventricular tachyarrhythmias in patients with the congenital long QT syndrome and other cardiac diseases' ventricular repolarization time to changes in heart rate, for example, during exercise testing, during emotional stress or due to drug therapy could also play a role in the pathogenesis of arrhythmias 1671 . Recently we showed that it was possible to analyse automatically the QT interval on 24 h Holter tapes, in a reliable way, and demonstrated the relationship with the QT interval on the 12-lead electrocardiogram' 8 '. This report deals with the findings of repolarization behaviour and heart rate variability in patients without structural heart disease who were resuscitated from ventricular fibrillation. Data were compared to a group of normal subjects.
0195-668X/97/060994+06 SI8.00/0 1997 The European Society of Cardiology The study group is described in Table 1 . Patients with overt sinus node disease and ischaemic heart disease were excluded. Five patients had ventricular fibrillation, considered to be idiopathic. One additional patient, without structural heart disease, had ventricular flutter associated with collapse. These six patients (the ventricular fibrillation group) had a mean ejection fraction of 67 ±12%. During programmed electrical stimulation with up to four extra stimuli, only one patient had inducible ventricular fibrillation. Table 2 describes the ventricular fibrillation group in comparison with the control group. The normal group (all male individuals) were selected from a study population that had undergone complete cardiovascular screening for an epidemiological study. The screening procedure included assessment of blood pressure levels, height and weight, electrocardiographic recordings, a fasting blood sample collection and a submaximal graded bicycle exercise test. The selected individuals remained free of cardiac events for more than 10 years'
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. Ventricular fibrillation patients and normals were comparable for age and gender. Ejection fractions were not measured in normals. To allow maximal freedom during the monitoring period all 12-lead ECGs and 24 h ECG recordings were obtained when patients had been off drugs for at least five half-lives and were not undergoing intravenous medication. All recordings were performed before device implantation.
QT dispersion
A 12-lead ECG was taken with a paper speed of 25 mm . s~'. The ECG was digitized, enlarged twice and used for QT measurements. The QT interval was defined as the interval between the onset of the QRS complex to the end of the T wave, defined as the intersection of the SD = standard deviation of normal RR intervals; RMSSD = rootmean-square successive differences of normal RR intervals; LVEF=left ventricular ejection fraction; N = normals; na = not available; ns = not significant; VF=ventricular fibrillation; QTd = QT dispersion; QTe = QT measured automatically to the end of the T-wave; Se = slope of the linear QTe/RR regression line.
isoelectric line and the T wave. No extrasystolic or postextrasystolic QT intervals were included.
We analysed the QT interval in V 4 and the maximal QT interval duration. Bazett's formula was used to obtain corrected QT intervals for both measurements. For QT dispersion, the difference between the minimum and the maximum QT interval was used.
h recording and QT measurements
A single-channel Oxford Medilog system was used for ambulatory ECG monitoring in normal individuals. In ventricular fibrillation patients, a two-channel system was used. The electrocardiogram was digitized at a sampling frequency of 200 Hz by an analogue-to-digital convertor (type: 12-bit). Investigational software dedicated to QT analysis (ELA Medical, France) was used to describe the dynamics of ventricular repolarization' 8 '. Briefly, averaged QT intervals (30 s) were measured automatically to the end (QTe) of the T-wave. The isoelectric line 25 ms before the onset of the Q-wave was chosen as a reference. QTe was obtained by calculating the intersection between the maximum descending slope and the isoelectric line. Only complete 24 h registrations of good quality were used for QT measurements. For dynamic (slope) analysis, the entire 24 h tracing was used, and four segments of 6 h were defined: morning (0600h to 1200h), day (1200 to 1800h), evening (1800 to 2400h) and night (0000 to 0600h). For averaged periods of 30 s, a corresponding mean RR interval was calculated. QTe was plotted against the corresponding average RR value. The slopes of these regression lines are abbreviated as Se. When the correlation coefficient between the QT and RR intervals was above 0-5, the slope of the regression line relating the QT and RR intervals (QT=a x RR + b) was kept for further analysis, and the numerical value was multiplied by 1000 (further referred to as slope units).
h recording and heart rate variability analysis
The edited digitized 24 h recording was used for analysis of heart rate variability in the time domain. The standard deviation of the normal RR intervals (SD) and the root-mean-square successive differences of normal RR intervals (RMSSD) were calculated over 24 h as measures of total heart rate variability and as a parameter for short-term heart rate variability, respectively. Calculations were done for the complete 24 h and the 6 h segments.
Statistical methods
For statistical analysis, the SPSS package (version 4.01) was used. All data are expressed as mean with standard deviation. A non-parametric test was used to assess differences between the groups. For QT comparisons, RR intervals were used as covariate factor. / > <0-05 was considered significant.
Results

Heart rate and QT on the standard ECG
RR intervals were not different between normals and ventricular fibrillation patients. QT max corrected for heart rate was slightly but significantly longer in ventricular fibrillation patients. This was not observed for QT measurements in V 4 . Furthermore, ventricular fibrillation patients had a significantly higher QT dispersion (88 ± 29 ms vs 59 ± 26 ms, /><005) ( Table 2) .
Heart rate and heart rate variability parameters
The mean RR intervals over 24 h and in the 6 h segment between normals and ventricular fibrillation patients were comparable (Tables 2 and 3 ). Total heart rate variability (SD) and short-term heart rate variability (RMSSD) parameters were not different between normal subjects and ventricular fibrillation patients (Tables  2 and 3) . 
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N=normals; VF=ventricular fibrillation; SD=standard deviation of normal RR intervals; RMSSD = root-mean-square successive differences of normal RR intervals; QTe = QT measured automatically to the end of the T-wave; Se=slope of the linear QTe/RR regression line.
Quality of automatic QT measurements on the Holter
Reliable automatic measurement of the QTe interval was possible over the 24 h period in 25/27 tracings. Reliable measurements for the 6-h segments were not available in 20/108 segments. The average correlation coefficient r for the 24h Se slopes was 0-895 ±0062 for normal subjects and 0-844±0097 for ventricular fibrillation patients (P=ns).
QT and slope measurements from the 24 h recording
Results are presented in Tables 2 and 3 . QTe measurements over 24 h, and in each of the analysed segments QT intervals were comparable after adjustment for heart rate. Only for the day measurements was a prolongation of the QT interval observed in ventricular fibrillation patients.
The Se slope over 24 h was significantly lower in ventricular fibrillation patients (156 ±29 vs 211 ±59, / > <005). Also, in the morning and night segment, Se was significantly lower in ventricular fibrillation patients Eur Heart J, Vol. 18, June 1997 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 ms Figure 2 Slopes of QTe vs RR, using linear regression lines. Morning hours of a ventricular fibrillation patient (VF). r=correlation coefficient; SD=standard deviation. The arrow points to an averaged QRS-T complex that can be checked for accuracy of QT measurement.
(respectively, 128 ±36 vs 206 ±59, /"<005; and 113 ±26 vs 189 ± 54, /><002) (Figs 1 and 2 ).
Discussion
The mechanism of ventricular fibrillation in patients without underlying heart disease is not well established; it is an uncommon disease (actually called idiopathic ventricular fibrillation) with a high recurrence rate' 10 '" 1 . Systematic studies are difficult and therefore multicentric registries are now collected' 12 '. Abnormalities in heart rate variability, as a reflection of disturbances in autonomic function, have been observed in survivors of cardiac arrest in general and in patients at high risk for sudden death' 13 ' 141 . The same was shown for a prolonged QT interval' 1 -21 . Furthermore, regional inhomogeneity of myocardial repolarization is associated with a lower fibrillation threshold in dogs'
151 . Therefore it is important to study heart rate variability and repolarization characteristics (QT interval duration, QT interval dispersion and adaptation of the QT interval with changes in heart rate) in patients with idiopathic ventricular fibrillation.
An abnormal autonomic drive was demonstrated in a subgroup by Crijns et a/.' 16 ' We studied heart rate variability using time domain analysis. Ventricular fibrillation patients and normal subjects had a comparable standard deviation and RMSSD over 24 h, and in each of the analysed segments. Huikuri et al. studied heart rate variability parameters in the frequency domain in survivors of cardiac arrest and observed a reduced heart rate variability when compared to a control group matched for age, gender, previous myocardial infarction, left ventricular ejection fraction and diseased coronary arteries on angiography' 131 . Although these results are not concordant it should be realized that both study populations were completely different. In our patients, none had evidence of underlying structural heart disease, while the majority of the cardiac arrest survivors studied by Huikuri had a history of myocardial infarction (91%) or heart failure (NYHA functional class II-IV in 86%).
In this study we were not able to demonstrate differences in QT interval measured from the 12 lead ECG or from the 24 h ECG between cases and controls (after adjustment for heart rate), except for values during the day. Wever et al. found a normal QT and QTc in a series of 40 patients with idiopathic ventricular fibrillation'" 1 . Day et al. suggested that the interlead difference in QT interval (QT dispersion) reflects regional repolarization behaviour differences and might therefore provide a better measure of inhomogeneity in repolarization' 31 . Although our study population was small, we found a significant increase in QT dispersion in patients with ventricular fibrillation. Recently Joubert et al. also documented an increase in QT dispersion in a small group of similar patients' 171 .
The heart rate is the major determinant of QT interval duration. We characterized the adaptation of the QT interval to changes in heart rate by the slope of the linear QT/RR regression line. In ventricular fibrillation, a lower slope was observed in comparison with normal individuals. This abnormality was most pronounced during the night and morning hours. A reduction in slope of the QT/RR regression line results in an inappropriate shortening of the QT interval during accelerations of heart rate (e.g. during stress, arousal or exercise). This inappropriate repolarization behaviour may favour reentry, and can therefore be an important element in the occurrence of ventricular fibrillation in this patient group.
In patients with the long QT syndrome, abnormalities in the adaptation of the QT interval to changes in heart rate have already been documented. Merri et al. studied the relationship between the heart rate and the QT-interval duration in 24 h recordings by calculating the linear regression line relating RTm (the duration of the R-wave to the maximum amplitude of the T-wave) to the preceding RR-interval. The slope of the RTm/RR regression line was significantly steeper in patients with the congenital long QT syndrome than in normals' 181 . Schwartz demonstrated, however, that two types of QT dynamics can be present in patients with the congenital long QT syndrome. In one group, a depressed adaptation of QT with changes in RR is present'
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. Therefore it seems to become more and more important to analyse repolarization behaviour extensively in patients with malignant arrhythmias but without underlying structural abnormalities. Furthermore, the effect of drugs on these repolarization characteristics should be evaluated because they might affect our therapeutic approach in these patient groups.
Conclusion
Patients with idiopathic ventricular fibrillation have heart rate variability parameters which are comparable to normal individuals. In contrast, ventricular fibrillation patients have abnormal repolarization behaviour, characterized by an increased QTd and a depressed adaptation of QT to variations in RR (especially during the night and the morning). This spatial and dynamic inhomogeneity of ventricular repolarization may be important in the development of ventricular fibrillation.
